ABSTRACT: Sixty crossbred barrows (average 30 kg) were used in a 5 x 2 factorial treatment array to examine interactions between dietary protein concentration (11, 15, 19, 23, or 27% CP) 
Introduction
Administration of exogenous porcine somatotropin ( pST, regardless of whether it is pituitary or recombinantly derived) resulted in altered nutrient partitioning that stimulated protein accretion and reduced fat deposition in pigs (Etherton et al., 1987; Campbell et al., 1988; Evock et al., 1988; McNamara et al., 1991) . Campbell et al. (1988) found that carcass composition and the rate of tissue accretion were dependent on dietary energy intake in pST-treated pigs.
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J. Anim. Sci. 1994. 72:615-621 Caperna et al. (1990) examined interactions between dietary protein intake and the anabolic effects of rpST administration. Based on growth performance and body composition analyses, all pigs responded similarly to pST regardless of dietary protein concentration with no interactions. However, the magnitude of the response to rpST treatment was lowest among pigs fed 11% protein. Easter (1987) suggested that higher levels of dietary protein should be required t o meet the demand for enhanced lean tissue growth in finishing pigs treated with pST. Campbell et al. (1990) found dietary protein content to have a marked effect on the magnitude of the changes in growth performance and carcass composition elicited by exogenous pST administration to boars. The stimulatory effect of pST was probably present, but the constraints imposed by inadequate amino acid availability prevented the stimulatory response from being manifested. On the contrary, Boyd et al. (1991) showed that young barrows and gilts do not require additional protein intake to accommodate maximum response t o pST if nutrient requirements of the untreated pigs are met by the diet provided.
Little is known about the influence of dietary protein intake in combination with pST administration on muscle fiber morphology. Therefore, the present experiment was conducted to investigate the interrelationships between exogenous pST administration and dietary protein content on porcine muscle fiber type percentage, cross-sectiodarea and shearforce values.
Materials and Methods

A nimalslDie tslTrea tme n ts
Sixty crossbred (Yorkshire x Duroc x Landrace) barrows were used in a 5 x 2 factorial treatment array. Five levels of dietary protein (11, 15, 19, 23, and 27%) and two doses of recombinant pST ( rpST, 0 and 100 pgkg-l.d-l) were used (Pittman-Moore, Mundelein, IL). Pigs were housed in individual pens maintained at 22°C and allotted randomly to 1 of 10 groups (six pigs per group) at approximately 30 kg live weight. Pigs were hand-fed once daily approximately 80% of ad libitum (based on predicted intake values for control pigs from previous work by Campbell et al. [19881) using weekly live weight measurements (1.28 kg/d at 30 kg BW and 2.11 kg/d at 55 kg BW) as described by Caperna et al. (1990) . Because protein and lipid deposition are linearly related to energy intake in control and pST-treated pigs (Campbell et al., 19881 , it was our intention to feed these pigs on a restriction scale that would provide equivalent daily energy intake for all pigs at similar metabolic body weights. Therefore, direct comparison of control and rpST-treated pigs could be achieved without the possible confounding effects that may arise when pigs are fed different daily levels of dietary energy. Diets were isocaloric (3.8 Mcal of DE/kg) and of equal lysine content (4.9 g/Mcal of DE). Details on the diets, performance, body composition, and hormonal status for the pigs were described by Caperna et al. (1990) .
All injections containing rpST or diluent (controls) were performed between 0800 and 1000, and pigs were fed after injections. Pigs were treated for 42 d. The experiment was terminated over a 10-d period following the 42 d and only one pig from each group was killed on any given day. Pigs were electrically stunned, exsanguinated, dehaired, and eviscerated. Samples (approximately 1 cm x 1 cm x 3 cm) of the medial portion of the longissimus (LM) at the anterior end of the 13th rib location and the medial location of the semimembranosus ( SM) , semitendinosus (ST) dark portion, and triceps brachii (TB) muscles were excised within 1.5 h postmortem and immediately restrained on flat sticks. Lengths of muscles were measured before excision to maintain proper fiber length when restrained. Muscle samples subsequently were frozen in liquid N2. Frozen samples were stored at -70°C until histochemical analyses were performed. Carcasses were chilled (2°C ) for 24 h, at which time standard carcass measurements, which included loin eye area (10th rib location), were recorded on the right side as described by Caperna et al. (1990) .
Histochemistry
A l-cm3 fragment of tissue removed from each frozen sample was mounted on a cryostat chuck with a few drops of water so that muscle fiber orientation was perpendicular t o the cutting blade of the microtome. Mounted samples were allowed to equilibrate to -20°C. Sections (12 pm thick) were cut with a microtome (Damon Minotome@ Microtome Cryostat, Needham Heights, MA). Sections were treated with the combination myofibrillar (acid) ATPase and succinic dehydrogenase staining procedure described by Solomon and Dunn (1988) .
The stained slides were observed with a Zeiss Standard #16 photomicro-scope (Carl Zeiss, New York). Fibers were classified according to Ashmore and Doerr (1971) on the basis of stain reaction (PR, crR, aW). All fibers inside a template (4.7 cm2 in area) were counted (approximately 75 to 100 fibers) and measured for cross-sectional area using a Zeiss Interactive Digital Analysis System (Carl Zeiss) as described by Solomon and Montgomery (1988) .
Shear Force
Two rib chops (2.5 cm in thickness) from the posterior end of the 13th rib location were removed within 1.5 h postmortem (early) and an additional two rib chops (2.5 cm thick) from the 10th rib location were removed 24 h postmortem (delayed) and vacuum-packaged. The early chops (boneless with subcutaneous fat removed) were placed in a -20°C freezer immediately after vacuum packing and stored for subsequent shear-force determinations. The delayed chops (boneless) were refrigerated ( 2 "C) through 5 d postmortem and then frozen and stored at -20°C for subsequent shear-force determinations. Chops were thawed and cooked (broiled) to an internal temperature of 75"C, turning once at 40°C, using Farberware Open-Hearth broilers (Model 350A, Farberware Co., Bronx, NY ). Internal temperature was monitored using iron-constantan thermocouples attached to a recording potentiometer. Chops were allowed to cool to room temperature (25°C) before coring. A minimum of four cores (1.27 cm in diameter) was removed from these chops, parallel to the muscle-fiber length orientation; these cores were used for shear-force determinations using a WarnerBratzler shear device mounted on a Universal Instron Testing Machine (Model 1122, Instron, Canton, MA).
Datu Analysis
Data were analyzed using GLM procedures (SAS, 1985) . Final live weight was included as the covariate to determine the significance of variation among treatments for a completely randomized 5 x 2 factorial arrangement. Least squares means were generated using SAS (1985) .
Results and Discussion
Final weights for the pigs are presented in Table 1 .
Final weight was increased in rpST-treated pigs at all protein levels; however, the magnitude of this increase was greater with 15% or more CP in the diet ( P < .09). No significant interactions occurred between effects of rpST and dietary protein for the distribution of muscle fiber types for the LM, SM, ST, or TB (Tables 1, 2 , 3, and 4). In general, dietary protein had virtually no effect on the percentages of fiber types present in the four muscles evaluated. Daily administration of rpST had no influence on muscle fiber type distribution in the LM, SM, or TB muscles. We have previously reported that pST did not influence fiber type distribution in the LM of pigs (Solomon et al., , 1991 . However, administration of rpST resulted in significantly more aR fibers and fewer aW fibers in the ST muscle (Table 3 ) . Ashmore et al. ( 1972) concluded that aR fibers have the capacity to transform into aW fibers during postnatal growth. Transformation involves changes in energy-producing enzymes and is accompanied by a rapid increase in fiber size. Solomon (1989) suggested that the transformation of aR to aW fibers may be related to the physiological maturation rate of the muscle. Compositional differences between muscle fiber types exist between supportive and locomotive muscles (Beecher AND rpST IN PIGS 617 et al., 1965; Solomon and West, 1985) . Thus, responses to rpST observed for the muscles in the present study may be a result of differences between the function of these muscles. Beermann et al. (1990) examined the relationship between exogenous pST administration and ST muscle growth (both deep medial and superficial portion); pST did not alter fiber type percentages from pigs slaughtered at 100 kg live weight. However, pigs in the present study treated with rpST were approximately 40 kg lighter (and less mature) at slaughter than the pigs used in the study by Beermann et al. (1990) .
The results from the present study are in general agreement with those of Lefaucheur et al. (19921, who reported that 100 pgkg of pST dose administered daily to growing pigs had no effect on LM fiber type.
In contrast, Whipple et al. (1992) reported that the percentage of aR fibers tended to decrease and percentage of aW fibers increased in the LM with the use of pST. They found no effect as a result of pST administration on SM fiber type distribution. Miller et al. (1975) found that total fiber number in the LM accounted for more of muscle mass variation than fiber diameter, and that faster-growing pigs possessed more but smaller muscle fibers than slower-growing pigs. Krausgrill et al. (1990) observed a significant interaction for fiber type distribution between pST and genotype; faster-growing pigs responded more to pST than did slower-growing pigs. Pigs treated with pST had higher percentages of CYW and lower percentages of CYR than did controls.
Significant interactions between the effects of rpST and dietary protein level were observed for the area of muscle fiber types for all four muscles (Tables 5 , 6 , 7, and 8). In the LM muscle of pigs fed the three diets highest in protein, exogenous rpST administration resulted in larger muscle fibers. The administration of rpST had no effect when dietary protein level was 11% CP. In the majority of pST studies using the LM muscle (Solomon et al., , 1991 Lefaucheur et al., 1992) , pST administration, regardless of any other treatment involved, resulted in an increase in muscle fiber area. Recent research by Whipple et al. (1992) reported the lack of hypertrophic effect on LM muscle fiber types. They measured and reported fiber size as the least fiber diameter rather than total area. Whether this method of fiber size determination is directly comparable to the method reported here remains to be determined. Loin eye area, an indicator of carcass muscling, increased in size as a result of rpST treatment. This was evident a t all of the dietary protein levels except the 11% level. Loin eye areas of rpST-treated pigs were smallest with 11% protein, whereas no difference in size was observed among the four higher protein levels. This is in agreement with the findings for LM fiber area. Caperna et al. (1990) reported that carcass protein increased linearly as dietary protein was increased in both control and rpST-treated pigs. In the study by Campbell et al. (19901, in which the interrelationship between exogenous pST administration and dietary protein level was studied, an increase in loin eye area (measured at last rib) was noted in boars fed 14.5, 20.7, and 23.8% protein and administered pST. No effect of pST administration was observed at 8.3, 11.4, and 17.6% protein in the diet. In the SM muscle, pigs given the three diets higher in protein and also receiving exogenous rpST had larger aR and CYW fibers. Negligible effects of rpST on OR fiber area were observed at all five protein levels. No rpST effect was found at 11% protein for SM fiber area (all three fiber types). Whipple et al. (1992) reported that pST had no effect on SM fiber diameter or percentage of fiber area (all three fiber types). The lack of muscle fiber hypertrophy in response to pST administration reported by Whipple et al. ( 1992) is rather unusual. The majority of pST studies involving muscle fiber evaluation have found pST administration to enlarge muscle fiber size.
As much as a 26% increase in ST fiber size (all three fiber types) was observed when pigs were injected with rpST and fed 19% CP. The other protein levels evaluated did not provide for hypertrophic responses as consistent as those provided for by the 19% CP diet. Beermann et al. (1990) using the ST muscle found 120 pgkg of pST dose to increase Type I and I1 fiber size by 16% for the deep medial portion of the ST, which corresponded to the same portion of the ST we used. In the TB muscle, the administration of rpST at the 11% protein level resulted in muscle fibers larger than those in controls. At the three higher protein levels, rpST tended to increase the size of only aR and aW fibers. OR fibers were less responsive t o rpST when protein seemed to be adequate in the diet. The aR and CYW fibers accounted for the largest part of muscle hypertrophy.
Periodically, giant muscle fibers were present (one or two per template field) in the LM, ST, and TB (not in tabular form) from pigs receiving rpST but were not present in the SM muscle or in excipient pigs.
These abnormally large muscle fibers were not used in quantifying muscle fiber population or area. Shear force of the LM removed at 24 h (delayed) was increased 13% (pooled all dietary protein levels) with administration of rpST ( Table 9) . As much as a AND rpST I N PIGS 619 results are the findings from our previous studies (Solomon et al., , 1991 , in which pST administration to barrows increased shear force of the LM. These results are also in agreement with those of Evock et al. (1988) , Prusa et al. (19891, and Goodband et al. (1990) , who indicated that meat from pST-treated pigs was slightly less tender than that from controls. Novakofski ( 198 7 ) found that shear forces increased slightly in pST-treated compared with untreated pigs. Other researchers have found no negative effects on tenderness due to pST (Beermann et al., 1990; Nieuwhof et al., 1991) . The time postmortem of sampling the LM for subsequent shear-force analysis had a significant effect on shear-force tenderness. Differences in shear force between rpST and control pigs were virtually eliminated when chops were removed and frozen within 1.5 h postmortem (early). However, the effect of rpST was not eliminated at the 19% dietary protein when chops were frozen at 1.5 h postmortem. Some of the inconsistencies reported in the literature for shear force and tenderness as a result of pST may be a result of inconsistencies in the time at which the sample is removed and the time at which the sample is frozen. Compositional differences between supportive and locomotive muscle types have been reported and may explain differences in the response to rpST and dietary protein of the four muscles evaluated in the present study.
Implications
Dietary protein had a marked effect on the magnitude of changes in muscle fiber hypertrophy elicited by recombinant porcine somatotropin (rpST). Low protein concentrations in the diet constrained the muscle fiber hypertrophy response to rpST. High protein levels (above 19%) were not required for significant increases in carcass protein accretion in pigs treated with rpST. Exogenous rpST increased loin eye area through hypertrophy of individual muscle fibers without altering the distribution (population) of fiber types. The negative effects of rpST treatment on shear force were overcome when meat was frozen within 1.5 h postmortem (pre-rigor) rather than post-rigor.
